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(54) Automatic transmission for vehicle with reverse gear brake 

(57) An automatic transmission for a vehicle with a 
reverse gear brake that includes a case 10. A predeter- 
mined rotational element R 3 , having gear teeth 51 and 
an axis, is disposed within the case 10. The predeter- 
mined rotational element R 3 only operates as a rota- 
tional element when achieving a reverse gear mode. A 
brake has a gear member 3. The gear member 3 is 
attached to the case 1 0 so that it cannot rotate relative 
to the case 1 0, but is movable along the axis of the pre- 
determined rotational element R3 so that it can be 
engaged and disengaged with the gear teeth 51 of the 
predetermined rotational element R 3 . The predeter- 
mined rotational element R 3 is fixed to the case 10 so 
that it cannot rotate relative to the case 10 when the 
gear teeth 51 engage the gear member 3. 
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Description 

This invention relates to an automatic transmission 
for a vehicle, and more particularly, to an automatic 
transmission for a vehicle which uses a gear brake 
structure to fix a predetermined rotational element to a 
transmission case to achieve a reverse gear mode. 

Generally, in an automatic transmission for a vehi- 
cle, a brake mechanism means for fixing a specific rota- 
tional element of a transmission mechanism to achieve 
a reverse gear mode includes a wet multiple-disk type 
frictional engagement element. Such a reverse gear 
mode brake mechanism has a relatively large reverse 
gear ratio, and the transmitted torque is greatly ampli- 
fied in response to the reverse gear ratio. This requires 
the brake mechanism, which receives the inverse force 
(reaction) of the torque, to have a high torque-absorp- 
tion capacity. Accordingly, the number of disks used in 
the frictional engagement element becomes large. 

When the wet multiple-disk type frictional engage- 
ment element is out of engagement, only a very slight 
gap separates the frictional material from the separator 
plate to cut off the torque transmission. The gap is very 
small so that the frictional material and the separator 
plate can return to the engaging position quickly when 
required. For this reason, even in the released state, 
drag torque inevitably is caused due to the induced rota- 
tion of the lubricating oil disposed in this gap. Dragging 
is especially increased, which reduces power-transmis- 
sive efficiency, when many disks are used to achieve a 
high torque-absorption capacity. 

Japanese Laid-open Patent Application 6-323377 
discloses a structure wherein a specific rotational ele- 
ment is fixed to a case by a gear type clutch mecha- 
nism, i.e., a dog clutch, to achieve the reverse mode. 
The dog clutch and a frictional clutch are positioned in 
series. The rotational element which rotates in the 
torque-transmissive state, is stopped by the frictional 
clutch through frictional engagement, with the dog 
clutch still being out of engagement, thereby eliminating 
dragging. 

This apparatus includes a typical transmission 
mechanism, in which the rotational element is used to 
achieve both the reverse and forward modes. Thus, the 
dog clutch and the frictional clutch must be arranged in 
series. In such a structure, the frictional clutch requires 
the same torque capacity as a conventional frictional 
brake. If this combination is utilized as a brake mecha- 
nism to achieve the reverse mode, it will need a dog 
clutch, in addition to the frictional clutch which corre- 
sponds to a conventional frictional brake. These addi- 
tional components prevent the apparatus from being 
compact. 

Thus, the industry lacks an automatic transmission 
for a vehicle, in which a gear brake is used as a brake 
mechanism to achieve the reverse mode, in order to 
substantially eliminate dragging, while allowing the 
apparatus to be compact. 

However, an apparatus wherein the reverse mode 



brake mechanism is made as a gear brake has the 
problem that when a specific rotational element is 
stopped for achieving the reverse mode, that rotational 
element may still tend to rotate due to the slight rotation 
5 induced between rotational elements. This rotation 
tends to cause gear noise. Therefore, the industry also 
lacks an apparatus to prevent gear noise due to induced 
rotation, while allowing the apparatus to remain com- 
pact. 

10 Generally, an automatic transmission includes a 
plurality of engaging elements. The engaging elements 
are typically driven by a hydraulic servo. Therefore, it is 
desirable for the gear type brake mechanism to be 
driven by a hydraulic servo in the same manner as the 

is other engaging elements. The industry lacks a gear 
brake structure, in which a conventional hydraulic servo 
is used as the frictional engagement element. 

The industry also lacks a compact structure that 
uses a conventional hydraulic servo, and which pre- 

20 vents gear noise due to the induced rotation described 
above by operating in the same manner as conventional 
frictional engagement elements. 

Generally, the specific rotational element for achiev- 
ing the reverse mode in the automatic transmission is 

25 one element of a planetary gear. If the rotational ele- 
ment is stopped by a gear brake, the center aligning 
action of this rotational element may be impeded, in 
spite of the fact that the optimum centering of the rota- 
tional element according to the gearing state with the 

30 other gears under the power transmission is essential. 
Therefore, the industry lacks a gear brake structure for 
the reverse mode, which maintains the centering func- 
tion of the predetermined rotational element by modify- 
ing the shape of the gear part 

35 The industry also lacks an apparatus for bringing 
the frictional engagement element into the engaging 
position to prevent gear noise prior to bringing the gear 
member into the engaging position for fixing the prede- 
termined rotational element 

40 The industry also lacks an apparatus to achieve 
sequential movement of the frictional engagement ele- 
ment for preventing gear noise, and the gear member 
for fixing the rotational element, by using a single 
hydraulic servo. 

45 It is a first aspect of the invention to provide an auto- 
matic transmission for a vehicle, in which a gear brake is 
used as a brake mechanism to achieve the reverse 
mode, in order to substantially eliminate dragging, while 
allowing the apparatus to be compact. 

so It is a second aspect of the invention to provide an 
apparatus to prevent gear noise due to induced rotation, 
while allowing the apparatus to be compact. 

It is a third aspect of the invention to provide a gear 
brake structure, in which a conventional hydraulic servo 

55 is used as the frictional engagement element 

It is a fourth aspect of the invention to provide a 
compact structure that uses a conventional hydraulic 
servo, and which prevents gear noise by operating in 
the same manner as conventional frictional engage- 
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merit elements. 

ft is a fifth aspect of the invention to provide a gear 
brake structure for the reverse mode, which maintains 
the centering function of the predetermined rotational 
element by modifying the shape of the gear part. 

It is a sixth aspect of the invention to provide an 
apparatus that brings the frictional engagement ele- 
ment into the engaging position to prevent gear noise 
prior to bringing the gear member into the engaging 
position to fix the predetermined rotational element 

It is a seventh aspect of the invention to achieve 
sequential movement of the frictional engagement ele- 
ment for preventing gear noise, and the gear member 
for fixing the rotational element, by using a single 
hydraulic servo. 

In order to achieve the first aspect, the invention 
provides an automatic transmission for a vehicle, with a 
reverse gear brake, that includes a predetermined rota- 
tional element disposed in the transmission mecha- 
nism. Trie predetermined rotational element constitutes 
a reactional element for achieving at least the reverse 
gear mode. A brake mechanism fixes the predeter- 
mined rotational element to a case in a meshed manner. 
The transmission mechanism only uses the predeter- 
mined rotational element as the reactional element to 
achieve the reverse gear mode. The predetermined 
rotational element has gear teeth. The brake mecha- 
nism includes a gear member. The gear member is 
retained on the case so that it cannot rotate. However, 
the gear member is movable in the axial direction, so 
that it can be engaged and disengaged with the gear 
teeth of the predetermined rotational element The pre- 
determined rotational element is fixed to the case 
through the engagement of the gear teeth with the gear 
member of the brake mechanism so that it cannot 
rotate. 

To achieve the second aspect the brake mecha- 
nism includes a frictional engagement member. The 
frictional engagement member is retained on the case 
so that it cannot rotate. The frictional engagement mem- 
ber is movable in the axial direction, and f rictionally con- 
tacts the predetermined rotational element The 
frictional engagement member is disposed between the 
predetermined rotational element and case so that it is 
parallel to the gear member. The frictional engagement 
member moves in conjunction with the movement of the 
gear member to fix the predetermined rotational ele- 
ment to the case by frictionally engaging the predeter- 
mined rotational element. 

To achieve the third aspect, the brake mechanism 
includes a hydraulic servo which has a piston for bring- 
ing the gear member into position for gear engagement 
with the predetermined rotational element A return 
spring releases the gear member from gear engage- 
ment. The gear member is formed separately from the 
piston of the hydraulic servo, and has teeth that engage 
the gear teeth of the predetermined rotational element. 
A coupling part is fixed to the case so that it cannot 
rotate. The coupling part is movable in the axial direc- 



tion, while allowing for swing of the center axis. The 
gear member moves in response to the movement of 
the piston of the hydraulic servo against the pressing 
force of the return spring. 

5 To achieve the fourth aspect the brake mechanism 
includes a hydraulic servo. The hydraulic servo has a 
piston for bringing the frictional engagement member 
and the gear member into frictional and gear engage- 
ment, respectively, with the predetermined rotational 

10 element A return spring releases the gear member 
from gear engagement The gear member is formed 
separately from the piston of the hydraulic servo, and 
has teeth that engage the gear teeth of the predeter- 
mined rotational element. A coupling part is fixed to the 

is case so that it cannot rotate. The coupling part is mova- 
ble in the axial direction, while allowing for swing of the 
center axis. The frictional engagement member is 
formed separately from the piston of the hydraulic 
servo, and has an engaging part that frictionally 

20 engages the predetermined rotational element The fric- 
tional engagement member also has a coupling part 
fixed to the case so that it cannot rotate. The coupling 
part of the frictional engagement member is movable in 
the axial direction, while allowing the swing of the center 

25 axis. The frictional engagement member moves in 
response to the movement of the piston of the hydraulic 
servo against the pressing force of the return spring. 

To achieve the fifth aspect gear grooves between 
the gear teeth of the predetermined rotational element, 

30 and gear grooves between the gear teeth of the gear 
member which are engaged with the gear teeth of the 
rotational element have a rectangular cross-section 
with parallel side faces. 

To achieve the sixth aspect, the frictional engage- 

35 merrt member frictionally engages the predetermined 
rotational element before the gear member initiates 
gear engagement with the predetermined rotational ele- 
ment 

To achieve the seventh aspect, the frictional 

40 engagement member includes a frictional surface for 
frictionally engaging the predetermined rotational ele- 
ment The hydraulic servo has a load transmissive 
spring disposed between the frictional engagement 
member and the piston. The gear member contacts the 

45 piston through the pressing force of the return spring. 
The frictional engagement member contacts the gear 
member through the pressing force of the load trans- 
missive spring. The frictional engagement member 
receives the pressing force caused by the movement of 

so the piston, through the load transmissive spring, and 
frictionally engages the predetermined rotational ele- 
ment Further movement of the piston moves the gear 
member to engage the predetermined rotational ele- 
ment in the meshed manner. 

55 In accordance with the invention, the rotation of the 
predetermined rotational element is stopped only when 
achieving the reverse gear mode. The rotation is 
stopped by direct engagement with the gear member 
fixed to the case, without the use of a frictional engage- 
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merit member, such as a multiple-disc dutch. This 
structure does not require engagement in the torque- 
tra remissive state, unlike the conventional structure in 
which the engagement element is used for both the 
reverse gear mode and the forward gear mode. Accord- 5 
ingly, dragging, which may be caused when the reverse 
mode brake is released, is substantially eliminated, 
while allowing the apparatus to be compact. In the over- 
all structure of the transmission mechanism, driving 
loss due to dragging of the engaging element used f re- 10 
quently to achieve forward gear modes is greatly 
reduced. 

In accordance with another aspect of the invention, 
the predetermined rotational element is fixed to the 
case by a frictional engagement member, even when 15 
the predetermined rotational element is still in rotation 
due to slight dragging between rotational elements. The 
rotation of the predetermined rotational element is 
stopped by the frictional engagement member prior to 
the gear engagement with the gear member to prevent 20 
gear noise. Moreover, the predetermined rotational ele- 
ment is f ixed to the case through both gear engagement 
with the gear member and frictional engagement with 
the frictional engagement member, in parallel. The gear 
member transmits a large amount of stop torque. This 25 
allows the capacity of the frictional engagement mem- 
ber to be reduced. Consequently, gear noise due to 
dragging typically caused by a gear brake structure is 
prevented, while allowing the apparatus to be compact. 

In accordance with another aspect of the invention, 30 
the gear member and the piston of the hydraulic servo 
are formed separately. The gear member is coupled to 
the case, with a gap therebetween in a radial direction. 
This prevents the vibration of the center of the gear 
member from adversely affecting the piston. The seal- 35 
ing ability of the hydraulic servo is ensured. Other prob- 
lems resulting from vibration of the center are also 
eliminated. Therefore, the same hydraulic servo struc- 
ture as is used for operating conventional frictional 
engagement members can be used. ao 

In accordance with another aspect of the invention, 
the center vibration of the frictional engagement mem- 
ber is also prevented from affecting the piston. There- 
fore, the same hydraulic servo structure as is used for 
operating conventional frictional engagement members as 
can be used. Gear noise is also prevented. 

In accordance with another aspect of the invention, 
the predetermined rotational element is engaged with 
the gear member of the brake, via rectangular gear 
teeth and rectangular gear grooves, to stop the rotation so 
of the predetermined rotational element, while allowing 
center aligning action based on the torque transmission 
from other rotational elements. This can prevent gear 
noise caused by compulsive gear mesh of rotational 
elements in the planetary gear set. 55 

In accordance with another aspect of the invention, 
the predetermined rotational element engages the gear 
member of the brake after the predetermined rotational 
element engages the frictional engagement element, 



thereby preventing gear noise. 

In accordance with another aspect of the invention, 
the movement of the piston causes the frictional 
engagement member to be pressed into frictional 
engagement with the predetermined rotational element, 
via the load transmissive spring, to stop the rotation 
thereof. Further movement of the piston causes the 
gear member to move into gear engagement with the 
predetermined rotational element. These sequential 
actions are performed by a single hydraulic servo, by 
simply adding a load transmission spring. 

Additional aspects and advantages of the invention 
will be set forth, in part, in the description that follows 
and, in part, will be obvious from the description, or may 
be learned by practice of the invention. The aspects and 
advantages of the invention may be realized and 
attained by means of the instrumentalities and combina- 
tions particularly pointed out in the appended claims. It 
will be understood that each of the features described 
herein can be taken separately or jointly. 

Fig. 1 is a partial cross-sectional view showing a 
gear brake according to a first embodiment of the 
invention; 

Fig. 2 is a front elevational view of the gear brake of 

Fig. 1, showing a gear engaging state; 

Fig. 3 is an enlarged view of the area A of Fig. 2; 

Fig. 4 is a diagram showing the overall structure of 

a transmission mechanism according to the first 

embodiment of the invention; 

Fig. 5 is a table showing the states of engagement 

and disengagement of the clutches and brakes of 

the transmission mechanism; 

Fig. 6 is a partial cross-sectional view of a gear 

brake according to a second embodiment of the 

invention; 

Fig. 7 is a front view of a frictional engagement 
member according to the second embodiment of 
the invention; 

Fig. 8 is a diagram showing a modification of the 
transmission mechanism in accordance with the 
invention; 

Fig. 9 is a table showing the states of engagement 
and disengagement of the clutches and brakes of 
the transmission mechanism in accordance with 
the invention; and 

Fig. 10 is a diagram showing another modification 
of the transmission mechanism in accordance with 
the invention. 

Fig. 4 shows a first embodiment of an automatic 
transmission with a gear brake for achieving the reverse 
gear mode. The automatic transmission T includes a 
torque converter 12 with a lock-up clutch 11 coupled 
with an engine of an automobile. An automatic trans- 
mission mechanism M having three planetary gear sets 
M1 , M2 and M3 changes the output from the torque 
converter 12 so as to correspond to five forward speed 
modes and one reverse mode. 
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In the automatic transmission T, pinion gears P 1 
and P 2 of the planetary gear sets M1 and M2 of the 
transmission mechanism M are directly coupled with 
each other. Pinion gears P-i and P 2 have different diam- 
eters. Ring gears and R 3 of the planetary gear sets 
M1 and M3 are connected to carriers C 3 and C 1( 
respectively. Sun gear S-, and carrier of the planetary 
gear set M1 operate as input elements. Sun gear S 1 
and carrier C 1 are connected through clutches C-1 and 
C-2 to the input shaft 14 coupled with the turbine shaft 
13 of the torque converter 12. Ring gear R 1 is engaged 
to carrier C3. Ring gear R-i and carrier C3 are coupled 
through the output shaft 15 to the output gear 19 as an 
output element Sun gear S«| of the planetary gear set 
M1 can be fixed to the transmission case 10 through 
brake B-1 . Sun gear Sg of the planetary gear set M2 can 
be fixed to the transmission case 10 through the brake 
B-2. Sun gear S3 of the planetary gear set M3 can be 
fixed to the transmission case 10 through brake B-3. 
Ring gear R 3l connected with carrier C-i . can be fixed to 
the transmission case 10 through brake B-R. 

More particularly, sun gear S-i is coupled with the 
clutch C-1 through the sun gear shaft 16. Sun gear shaft 
1 6 is fitted to the outer surface of the input shaft 1 4. Car* 
rier C-| is coupled with the clutch C-2 through the carrier 
shaft 1 7. Carrier shaft 1 7 is fitted to the outer surface of 
the input shaft 1 4. Sun gear S3 is coupled with the brake 
B-3 through the sun gear shaft 18. Sun gear shaft 18 is 
fitted to the outer surface of the carrier shaft 17. All the 
brakes, except for brake B-R, are band brakes. Brake B- 
R is a gear brake. The hydraulic servo for the brakes is 
not shown. Output gear 1 9, which operates as an output 
element, is coupled with the differential device via the 
counter gear. 

In the automatic transmission T, oil under pressure 
is supplied to each of the hydraulic servomechanisms 
corresponding to the clutches and brakes. Fig. 5 shows 
that each gear mode includes connecting a specific 
combination of clutches and brakes (indicated by a cir- 
cular symbol in the table) . Thus, disconnecting speci- 
fied clutches and brakes (indicated as a blank space in 
the table), via the electronic control system and hydrau- 
lic control system (not shown), achieves a desired gear 
mode. More particularly, the first speed mode (1ST) is 
achieved by bringing clutch C-1 and brake B-3 into 
engaging positions. In this state, the rotation of the input 
shaft 1 4 is transmitted to the sun gear via clutch C-1 . 
The sun gear S3 is fixed through the engagement of 
brake B-3. Thus, the rotation is output to the output gear 
19. as the most decelerated rotation of carrier 63. 

The second speed mode (2ND) is achieved by 
bringing clutch C-2 and brake B-3 into their engaging 
positions. The input to the carrier shaft 17. through 
clutch C-2, is transmitted via carrier C-j to the ring gear 
R 3 . The rotation is output to the output gear 19, as the 
differentia) rotation of earner C3 under the influence of 
the inverse force, i.e.. reaction, of the sun gear S3 fixed 
through the engagement of brake B-3. 

The third speed mode (3RD) is achieved by bring- 



ing clutches C-1 and C-2 into their engaging positions. 
In this state, all the gears in planetary gear set M1 rotate 
in a body. The rotation of the input shaft 14 is output to 
the output shaft 1 9 directly, as it is, in the form of a rota- 

5 tion of carrier C3. 

The fourth and higher speed modes are regarded 
as an over-drive mode. The fourth speed mode (4TH) is 
achieved by bringing clutch C-2, and brake B-1 for stop- 
ping the rotation of sun gear S 1( into their engaging 

10 positions. In this state, the rotation of the input shaft 14 
is transmitted from carrier C3 to the output shaft 19. as 
the increased rotation of ring gear R 1( which contains 
the rotational component of pinion gear P<\ rotating on 
its own axis, in addition to the rotational component of 

15 the carrier C^ 

The fifth speed mode (5TH) is achieved by bringing 
clutch C-2 and brake B-2 into their engaging positions. 
The rotation of the input shaft 14 is transmitted from car- 
rier C3 to the output shaft 19, as the further increased 

20 rotation of ring gear R 1t which contains the rotational 
component of pinion gear P 2 having a smaller diameter 
and rotating on its axis. This rotation also receives the 
inverse force of sun gear S2 with a larger diameter, as 
compared with the fourth speed mode (4TH), in addition 

25 to the rotational component of carrier C 1 . 

The reverse gear mode (REV), as it pertains to the 
invention, is achieved by bringing clutch C-1 and brake 
B-R into their engaging positions, in this state, the input 
is transmitted through clutch C-1 to the sun gear S 1t 

30 while the rotation of the carrier C 1 is stopped through 
the engagement of brake B-R. Consequently, a slow, 
reversed rotation of ring gear , due to the rotation of 
pinion gear P 1 on its own axis, is output from the output 
gear 1 9 through the carrier C3. 

35 In the automatic transmission T of the invention, the 
rotation of the predetermined rotational element which 
is stopped through gear engagement to achieve the 
reverse mode, is represented by ring gear R3. The 
reverse brake for stopping the predetermined rotational 

40 element is represented by brake B-R. As shown in Figs. 
1-3, the reverse brake is a gear brake which engages 
ring gear R3 to fix the ring gear R 3 against the case 10. 

Fig. 1 shows a gear brake that includes a gear 
member 3 and a hydraulic servo 4 for driving the gear 

45 member 3. Gear member 3 has an annular shape, and 
has spline teeth 32 disposed along its outer circumfer- 
ence for coupling to the case 10. The spline teeth 32 
have a rectangular cross-section, with parallel side sur- 
faces, as shown in Fig. 2. Each spline tooth 32 fits into 

so a spline groove 1 1 formed in an inner surface of the 
case 10. The spline groove 11 also has a rectangular 
cross-section, with parallel side surfaces. There is a 
slight clearance between the side surfaces of each 
spline tooth 32 and the side surfaces of the spline 

55 groove 1 1 . In this state, the gear member 3 is guided to 
the case 10. and is slidably movable along an axis of the 
gear member 3. 

Gear grooves 31 . each having a rectangular cross- 
section, are formed in the inner circumference of the 
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gear member 3. The gear grooves 31 engage the outer 
gear teeth 51 of the ring gear R 3 . The outer gear teeth 
51, each having a rectangular cross-section, protrude 
from the outer surface of the ring gear R 3 in a radial 
direction. Gear groove 31 of gear member 3 and gear s 
teeth 51 of ring gear R 3 are engaged with each other. A 
slight clearance separates the side surfaces of the 
grooves 31 and the teeth 51. This separation enables 
the center axis adjusting function of the ring gear R 3 
during the torque transmission through the engagement w 
of the ring gear R 3 and pinion gear P 3 . Moreover, cuta- 
way 51a and 31a are formed at the top corners of the 
outer gear teeth 51 and the opening corner of the gear 
groove 31, respectively, to facilitate the engagement of 
the gear grooves 31 and gear teeth 51 . 15 

Hydraulic servo 4 includes a hydraulic cylinder 40 
formed in a narrowed portion of the case 10. An annular 
piston 41, having a J-shaped cross-section, is made of 
pressing material. The annular piston 41 is disposed in 
the hydraulic cylinder 40 and is slidable along the axis of 20 
the cylinder. A plurality of return springs 42 are dis- 
posed at uniform intervals along the circumference of 
the cylinder 40. The return springs 42 are compression 
coil springs for providing a return force to the gear mem- 
ber 3. One end of each return spring 42 is snapped onto 2s 
the case 10 through spring sheet 43, and the other end 
is inserted into a positioning hole formed in the gear 
member 3. Thus, the return springs 42 are retained by 
the gear member 3. 

Gear member 3 and piston 41 are formed as sepa- 30 
rate units. An end surface of the gear member 3 con- 
tacts a tip of the piston 41 . Thus, the swing of the center 
axis of gear member 3 is consistent with the swing of 
the center axis of the piston 41. The position of the 
center axis of the piston 41 is adjusted by the elasticity 35 
of a sealing member 41a. The sealing member 41a is 
attached to the piston 41 by a baking process. This bak- 
ing process enhances the durability of the sealing mem- 
ber when it is subjected to the biased load on the 
sealing member 41a. 40 

The piston 41 is pushed out of the cylinder 40 when 
the oil pressure is supplied to the cylinder 40 of the 
hydraulic servo 4. The gear member 3. which contacts 
the tip of the piston 41 , slides in the axial direction, and 
compresses the return spring 42. The gear grooves 31 45 
mesh with the gear teeth 51 when the gear grooves 31 
reach a position of gear engagement with the outer gear 
teeth 51. This meshing is accomplished very smoothly, 
even if a slight amount of positional shift occurs, since 
the gear grooves 31 and gear teeth 51 are guided to so 
their proper positions by the cutaways 51a and 31a, 
formed at the corner of gear teeth 51 and gear grooves 
31. Stable engagement is achieved when the gear 
member 3 is pushed further. In the stable engagement, 
a clearance separates the side face of gear tooth 5 1 and ss 
the side face of gear groove 31. This clearance allows 
the ring gear R 3 , which is prevented from rotating 
because of the gear engagement, to align its center axis 
to the optimum position for engagement with pinion 



gear P 3 . 

In accordance the first embodiment of the inven- 
tion, the transmission mechanism M is formed so that 
the rotation of the ring gear R 3 is stopped by engage- 
ment only upon achieving the reverse gear mode. In a 
conventional mechanism, ring gear R 3 is used to 
achieve both the reverse mode and a specific forward 
mode, which requires the rotational element to be 
meshed even in the torque-transmitted state. However, 
the invention obviates the engagement of the rotational 
element in the torque-transmitted state. Ring gear R 3 is 
fixed against the case 10 directly, through gear engage- 
ment with the brake mechanism, without using another 
frictional gear element, such as a multiple-disc clutch. 

Thus, a simple gear brake structure is used to 
achieve the reverse mode. This simple structure pre- 
vents the apparatus from becoming large. Moreover, 
when the gear mode is changed from the reverse mode 
to other modes in which ring gear R 3 rotates, dragging, 
which occurs in the conventional mechanism upon 
releasing the reverse brake B-R. is basically eliminated. 
As a result, driving loss caused by the dragging of the 
rotational element, especially when the gear mode is 
changed frequently to the forward mode, can be greatly 
reduced. Other advantages of the invention are 
described above. 

Fig. 6 shows a second embodiment of the inven- 
tion. The frictional engagement member 6 is parallel to 
the gear member 3. The frictional engagement member 
6 is retained on the case 10 so that it cannot rotate, but 
is movable in the axial direction. The frictional engage- 
ment member 6 frictionally engages a predetermined 
rotational element, i.e., ring gear R 3 . The frictional 
engagement member 6 is disposed between the ring 
gear R 3 and case 10, parallel to the gear member 3. 
The frictional engagement member 6 moves in conjunc- 
tion with the movement of the gear member 3, and fixes 
the ring gear R 3 against the case 10 by frictional 
engagement 

The frictional engagement member 6 and piston 41 
of hydraulic servo 4 are formed separately. The frictional 
engagement member 6 has an engaging part 61 for fric- 
tionally engaging the ring gear R 3 , and a coupling part 
62 retained on the case 10 to prevent the frictional 
engagement member 6 from rotating. However, the fric- 
tional engagement member 6 is movable in the axial 
direction while allowing for slight swing of the center 
axis. The engaging part 61 has a frictional surface for 
contacting the ring gear R 3 . 

Hydraulic servo 4 is disposed between the frictional 
engagement member 6 and piston 41 . Hydraulic servo 
4 has a load transmissrve spring 44 having a bias 
smaller than that of the return spring 42. The gear mem- 
ber 3 contacts the piston 41 due to the pressing force of 
the return spring 42. The frictional engagement member 
6 contacts the gear member 3 by virtue of the pressing 
force of the load transmissive spring 44. Accordingly, 
the frictional engagement member 6 receives the press- 
ing force generated by the action of the piston 41 via the 
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load transmissive spring 44. Thus, the frictional engage- 
ment, member 6 starts moving toward the frictional 
engaging position prior to when the gear member 3 
meshes with the ring gear R 3 . Then, when the piston 41 
is pushed further, gear member 3 moves into the gear 
engaging position and is meshed with the ring gear R 3 . 

Fig. 7 is a front view of the frictional engagement 
member 6 in accordance with the second embodiment 
of the invention. The coupling part 62 formed along the 
outer circumference of the frictional engagement mem- 
ber 6 forms spline teeth. Similar to the spline teeth 32 of 
the gear member 3, each spline tooth of the frictional 
engagement member 6 has a rectangular cross-sec- 
tion. A plurality of windows 63 are defined in the fric- 
tional engagement member 6 at regular intervals along 
the circumference. The projections that extend from the 
end of the piston 41, like comb teeth, contact the side 
face of the gear member 3, via the windows 63 of the 
frictional engagement member 6. The engaging part 61 , 
which corresponds to the inner circumference of the 
frictional engagement member 6, is provided with an 
appropriate frictional material to form a frictional sur- 
face. The frictional surface faces the side surface of the 
ring gear R 3 . 

Piston 41 is pushed out of the cylinder 40 when oil 
under pressure is supplied to the cylinder 40 of the 
hydraulic servo 4. The gear member 3, which contacts 
with the tip of the piston 41 , slides in the axial direction, 
while compressing the return spring 42. The frictional 
engagement member 6 also moves under the pressing 
force of the load transmissive spring 44 until the fric- 
tional surface of the engaging part 61 contacts the side 
surface of the ring gear R 3 . The rotation of the ring gear 
R 3 stops. However, the piston 41 continues moving. The 
gear member 3 advances further, leaving the frictional 
engagement member 6 at the engaging position. The 
rest of the operation of this apparatus is the. same as 
that of the first embodiment. 

In accordance with the second embodiment of the 
invention, the rotation of the ring gear R3 is stopped 
immediately, even if it is still in rotation due to the slight 
dragging between the rotational elements; The rotation 
of ring gear Rs is stopped by engaging the frictional 
engagement member 6, thereby preventing noise dur- 
ing the engagement. Moreover, the ring gear R 3 is fixed 
to the case 10 through both the engagement with the 
gear member 3 and the engagement with the frictional 
engagement member 6, in parallel. Thus, the gear 
member 3 can transmit a large amount of application 
torque to achieve the reverse gear mode, while allowing 
the engaging part of the frictional engagement member 
6 to be made small. In addition to the advantages of the 
first embodiment gear noise, due to the dragging, 
potentially caused by the dog clutch type brake struc- 
ture, can be prevented, while suppressing the size of 
the apparatus as much as possible. 

Fig. 8 shows a modification of the transmission 
mechanism, i.e.. power train. The transmission mecha- 
nism includes three planetary gear sets, three clutches 



and three brakes, which are associated with the rota- 
tional elements of the planetary gear sets used for 
changing the gear mode, and two one-way clutches. In 
this train, carrier C 1 of the first planetary gear set M1 is 

5 coupled with ring gear of the third planetary gear set. 
Carrier of the third planetary gear set M3 is coupled 
with ring gear R 2 of the second planetary gear set M2. 
Input shaft 14 is coupled with ring gear R 1t and is also 
coupled with ring gear R 2 , through the second clutch 

10 (C-2). Carrier C2 is coupled with the output shaft. 

Carrier C n can be fixed to the case, in the engaging 
manner, through the first brake B-1. Carrier 03 and the 
associated ring gear R 2 can be fixed to the case in the 
engaging manner, through reverse brake B-R. Sun gear 

15 S2 and sun gear Ss are engaged and disengaged by 
clutch C-3. Sun gear S2 can also be fixed to the case in 
the engaging manner, through brake B-2. In Fig. 8, F-1 
and F-2 are one-way clutches. 

Fig. 9 is a table showing the states of engagement 

20 of the clutch and brake elements of the transmission 
mechanism. As can be seen the table, the first speed 
mode (1ST) is achieved by engaging the clutch C-3, 
brake B-1 . and brake B-2. In this state, all of the sun 
gears St , S2, and Ss are fixed to the case 10. An input 

25 through the input shaft 14 to ring gear R-, is transmitted 
to the ring gear R 3 , as the rotation of carrier having 
the inverse force of sun gear S v At the same time, the 
rotation of carrier Cs, having the inverse force of sun 
gear Ss, is transmitted to the ring gear R 2 . and the rota- 

30 tion of carrier C2 having the inverse force of sun gear S 2 
is transmitted. Thus, an output containing the total .of 
three stages of deceleration is output to the output shaft 
15. 

The second speed mode (2ND) is achieved by 

35 engaging clutches C-1 , C-3. and brake B-2. In this state, 
the gears in planetary gear set M1 rotate in a body 
because of the engagement of clutch C-1 . The rotation 
of the input shaft 14, i.e., the rotation of carrier C| of 
planetary gear set M1 rotating in a body, includes two 

40 stages of deceleration. The decelerated rotational force 
is output to the output shaft 15. More particularly, sun 
gears S2 and S3 are fixed by the engagement of clutch 
C-3 and brake B-2. The rotation of carrier C3 in 
response to the rotation of ring gear R 3 receives the 

45 inverse force of sun gear Ss. The rotation of carrier C2 
in response to the rotation of ring gear R 2 receives the 
inverse force of sun gear Ss. 

The third speed mode (3RD) is achieved by engag- 
ing clutches C-1 and C-2 and brake B-R. In this state. 

50 the rotation, i.a. input, transmitted to the ring gear R 2 of 
planetary gear set M2 is output as an output from the 
carrier C 2 , receiving the inverse force of the fixed sun 
gear S 2 . This results in one stage of deceleration. 

The fourth speed mode (4TH) is achieved by 

55 engaging all of the clutches C-1 - C-3. In this state, the 
gears included in the planetary gear sets M1, M2 and 
M3 rotate in a body. The input from the input shaft 1 4 to 
ring gear R 2 through clutch C-2 is output without any 
deceleration. 
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The fifth speed mode (5TH) is achieved by engag- 
ing clutches C-2 and C-3 and brake B-1. In this state, 
ring gear R2 of planetary gear set M2 rotates at the 
same speed as the input shaft 14, because of the 
engagement of clutch C-2. Whereas, sun gear S2 5 
rotates at the same speed as the increased rotational 
speed of sun gear S3. The increased rotational speed of 
sun gear S3 is the sum of the rotation of ring gear R 3 of 
planetary gear set M3 decelerated through planetary 
gear set M2, and the rotation of carrier C3 rotating at the 10 
same speed as the rotation of the input shaft through 
clutch C-2. Thus, the increased rotation of sun gear S3 
is transmitted to sun gear S2 through clutch C-3. In this 
structure, over-drive rotation, which is faster than the 
rotation of the input shaft, is output to the carrier C 2 . 15 

In the reverse mode (REV), ring gear R t operates 
as an input element. The rotation of carrier C 1 of plane- 
tary gear set M 1( which receives the inverse force reac- 
tion of the sun gear that is fixed because of the 
engagement of brake B-R, is input to ring gear R 3 . This 20 
input is transmitted to sun gear S^ through clutch C-3, 
as the reverse rotation of sun gear S3 with earner C3 
that is fixed because of the engagement of break B-R. 
The rotation is output to carrier C2, including the inverse 
force, i.e., reaction of ring gear R 2 that is fixed because 25 
of the engagement of break B-R. This is the reverse 1st 
mode (REV1). 

If clutch C-1 is also brought into the engaging posi- 
tion, planetary gear set M1 rotates in a body. The rota- 
tional speed of carrier Cj is maintained the same as that 30 
of the input shaft, without deceleration. This is the 
reverse 2nd mode (REV2). 

In this transmission mechanism, brake B-R is used 
for the reverse mode exclusively. The same effect and 
advantages can be obtained by designing brake B-R as 35 
a gear brake. 

Fig. 10 shows another modification of the transmis- 
sion mechanism. This transmission mechanism is the 
same as the gear train of the first embodiment, except 
that the second planetary gear set M2. and brake B-2 40 
that controls the second planetary gear set M2, are 
removed. Thus, the over-drive mode is removed. For- 
ward four speed mode transmission is achieved with a 
simplified structure. 

There is another slight difference in this modifies- 45 
tion. Input clutches C-1 and C-2 are positioned on one 
side of the transmission mechanism. However, there is 
no essential difference regarding the dragging of the 
rotational element which is the subject of the invention. 

In this modification, the over-drive mode, i.e., the so 
fifth speed mode (5TH), and the corresponding brake B- 
2, are removed. The remainder of the structure and 
operations of the transmission mechanism is the same 
as that of the first embodiment The same reference 
numbers are assigned to the same elements. The table 55 
shown in Fig. 5 and the corresponding description can 
also apply to this modification. 

In this transmission mechanism, brake B-R is used 
exclusively for the reverse mode. The same effect and 



advantages can be obtained by designing brake B-R as 
a gear brake. 

Although the invention has been described in con- 
junction with the two preferred embodiments having dif- 
ferent gear brake structures, and three transmission 
mechanisms which are the applications of these brake 
structures, the invention is not limited to these applica- 
tions, but is applicable to various transmission mecha- 
nisms. Furthermore, various changes and substitutions 
are possible in the structure of the brake mechanism 
itself, without departing from the scope of the invention 
defined by the appended claims. 

Claims 

1. An automatic transmission for a vehicle with a 
reverse gear brake, comprising: 

a case 10; 

a predetermined rotational element R 3 having 
gear teeth 51 and an axis, and disposed within 
the case 10, the predetermined rotational ele- 
ment R 3 only operating as a rotational element 
when achieving a reverse gear mode; and 
a brake having a gear member 3, the gear 
member 3 attached to the case 10 so that it 
cannot rotate relative to the case 10, but is 
movable along the axis of the predetermined 
rotational element R 3 so that it can be engaged 
and disengaged with the gear teeth 51 of the 
predetermined rotational element R 3 ; 

wherein the predetermined rotational 
element R 3 is fixed to the case 1 0 so that it can- 
not rotate relative to the case 10 when the gear 
teeth 51 engage the gear member 3. 

2. The automatic transmission according to claim 1 , 
wherein the brake includes a hydraulic servo 4 that 
has a piston 41 for moving the gear member 3 into 
a position where it engages the gear teeth 51 of the 
predetermined rotational element R 3 , and a return 
spring 42 disposed to move the gear member 3 
away from the position where it engages the gear 
teeth 51 of the predetermined rotational element 
R 3 - 

3. The automatic transmission according to claim 2, 
wherein the gear member 3 is formed separately 
from the piston 41 of the hydraulic servo 4, the gear 
member 3 has teeth 31 that are engagable with the 
gear teeth 51 of the predetermined rotational ele- 
ment R 3 , the gear member 3 also has a coupling 
part 32 attached to the case 10 so that it cannot 
rotate relative to the case 10 but is movable along 
the axis of the predetermined rotational element R 3 
while providing for movement at an angle to the axis 
when the teeth 31 of the gear member 3 engage the 
gear teeth 51 of the predetermined rotational ele- 
ment R 3 , whereby the gear member 3 moves in 
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response to the movement of the piston 41 of the 
hydraulic servo 4 against a force of the return 
spring 42. 

4. The automatic transmission according to claim 1 , 5 
wherein the brake includes a frictional engagement 
member 6 attached to the case 10 so that it cannot 
rotate relative to the case 10, but is movable along 
the axis of the predetermined rotational element R 3 

to frictionally contact the predetermined rotational io 
element R3, 

5. The automatic transmission according to claim 4, 
wherein the frictional engagement member 6 is dis- 
posed between the predetermined rotational ele- is 
merit R 3 and the case 10 and extends parallel to the 
gear member 3, the frictional engagement member 

6 moves with the gear member 3 to fix the predeter- 
mined rotational element R 3 to the case 10 by fric- 
tional engagement with the predetermined 20 
rotational element R 3 . 

6. The automatic transmission according to claim 4 or 
claim 5, wherein the brake includes a hydraulic 
servo 4 that has a piston 41 for moving the frictional 25 
engagement member 6 into frictional engagement 
with the predetermined rotational element R 3 and 
the gear member 3 into gear engagement with the 
predetermined rotational element R 3 , and a return 
spring 42 for moving the gear member 3 out of gear 30 
engagement with the predetermined rotational ele- 
ment R3. 

the gear member 3 is formed separately from 
the piston 41 of the hydraulic servo 4, the gear 35 
member 3 has teeth 31 that are engagable with 
the gear teeth 51 of the predetermined rota- 
tional element R 3 , the gear member 3 also has 
a coupling part 32 attached to the case 10 so 
that it cannot rotate relative to the case 10 but ao 
is movable along the axis of the predetermined 
rotational element R3 while providing for move- 
ment at an angle to the axis when the teeth 31 
of the gear member 3 engage the gear teeth 51 
of the predetermined rotational element R 3 ; as 
and 

the frictional engagement member 6 is formed 
separately from the piston 41 of the hydraulic 
servo 4, the frictional engagement member 6 
has an engaging part 61 that is frictionally so 
engagable with the predetermined rotational 
element F^, the frictional engagement member 
6 also has a coupling part 62 attached to the 
case 10 so that it cannot rotate relative to the 
case 10 but is movable along the axis of the ss 
predetermined rotational element R3 while pro- 
viding for movement at an angle to the axis 
when the teeth 31 of the gear member 3 
engage the gear teeth 51 of the predetermined 



rotational element R 3 , whereby the frictional 
engagement member 6 moves in response to 
the movement of the piston 41 of the hydraulic 
servo 4 against a force of the return spring 42. 

7. The automatic transmission according to claim 3 or 
claim 6, wherein first gear grooves separate the 
gear teeth 51 of the predetermined rotational ele- 
ment R 3 , second gear grooves separate the teeth 
31 of the gear member 3, the gear teeth 51 of the 
predetermined rotational element R 3 engage the 
second gear grooves of the gear member 3, and 
each of the first and second gear grooves has a rec- 
tangular cross-section and parallel side faces. 

8. The automatic transmission according to claim 4, 
claim 5, claim 6 or claim 7, wherein the frictional 
engagement member 6 frictionally engages the 
predetermined rotational element R 3 prior to gear 
engagement of the gear member 3 and the prede- 
termined rotational element R 3 . 

9. The automatic transmission according to claim 4, 
claim 5, claim 6, claim 7 or claim 8. wherein the fric- 
tional engagement member 6 has a frictional sur- 
face 61 for frictionally engaging the predetermined 
rotational element R 3; 

the hydraulic servo 4 has a load transmissive 
spring 44 disposed between the frictional 
engagement member 6 and the piston 41 ; 
the return spring 42 forces the gear member 3 
into contact with the piston 41 , and the load 
transmissive spring 44 forces the gear member 
3 into contact with the frictional engagement 
member 6; and 

movement of the piston 41 causes the frictional 
engagement member 6 to be pressed into fric- 
tional engagement with the predetermined 
rotational element R 3 via the load transmissive 
spring 44, and further movement of the piston 
41 causes the gear member 3 to move into 
gear engagement with the predetermined rota- 
tional element R 3 . 
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